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Welcome to Elementary Statistics: Picturing the World, Second Edition. We are
grateful for the overwhelming acceptance and support of the First Edition. It is
gratifying to know that our vision of combining theory, pedagogy, and design to
exemplify how statistics is used to picture and describe the world has helped
students learn about statistics and make informed decisions. This message—
picturing the world—begins with the cover and is carefully integrated into every
feature of the text.

New to the Second Edition

Two features in the Second Edition help students apply statistics to real-life situ-
ations and practice making decision about statistics.

Uses and Abuses Each chapter now has a full page summarizing the uses of
concepts in the chapter, as well as a description of common misuses. Each
“abuse” is accompanied by one or more exercises.

Real Statistics—Real Decisions—Putting It All Together Following the
Review Exercises in each chapter, we have added a full-page real-life situation
accompanied by exercises that ask students to use the concepts in the chapter to
make decisions.

The exercise sets in the Second Edition include approximately 200 new exercises,
giving the students more practice in performing calculations, making decisions,
providing explanations, and applying results to a real-life setting.

In response to suggestions from statistics instructors, the coverage of topics in
Chapters 2, 5,7, and 9 is revised in the Second Edition.

¢ In Chapter 2, the z-score is now introduced in Section 2.5, Measures of
Position.

e In Chapter 5, we added two new sections—Section 5.3, Normal
Distributions: Finding Probabilities, and Section 5.4, Normal Distributions:
Finding Values. These sections replace Section 5.3, Applications of Normal
Distributions in the First Edition. Changing these sections allows the
instructor to cover applications of normal dlstrlbutlons in greater detail and
from two perspectives.

e In Chapter 7, Section 7.1, Introduction to Hypothesis Testing, we now
introduce the concept of hypothesis testing using probability values, or
P-values. The concept of using rejection regions is now introduced in
Section 7.2, Hypothesis Testing for the Mean (Large Samples).

» In Chapter 9, for instructors who prefer to cover Section 9.1, Correlation,
immediately after covering graphing paired data in Chapter 2, we added a
method for testing a population correlation coefficient that does not
involve hypothesis testing. The method is simple and can easily be covered
after Chapters 1 and 2.

xiv
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General Features

Versatile Course Coverage The table of contents of the text was devel-
oped to give instructors many options. For instance, by assigning the Extending
the Basics exercises and spending time on the chapter projects, there is suffi-
cient content to use the text in a two-semester course. More commonly, we
expect the text to be used in a three-credit semester course or a four-semester
course that includes a lab component. In such cases, instructors will have to
pare down the text’s 46 sections. If you want more information on sample
syllabi, check the Web site that accompanies the text, www.prenhall.com/larson.

Choice of Tables Our experience has shown that students find a cumulative
density function (CDF) table easier to use than a “0-to-z” table. Using the CDF
table to find the area under a normal curve is the topic of Section 5.2 on pages
214-218. Because we realize that many teachers prefer to use the “0-to-z” table,
we have provided an alternative presentation of Section 5.2 using the “0-to-z”
table in Appendix A of the book.

Graphical Approach As with most introductory statistics texts, we begin the
descriptive statistics chapter with a survey of different ways to display data
graphically. A difference between this text and many others is that we continue
to incorporate the graphical display of data throughout the text. For example, see
the use of stem-and-leaf plots to display data on pages 348 and 349. In all, the text
has over 900 graphs—surpassing all other introductory statistics texts.

Variety of Real-Life Applications We have chosen real-life applications
that are representative of the majors of the students taking introductory statistics
courses. These include business, psychology, health sciences, sports, computer
science, political science, and many others. Choosing meaningful applications for
such a diverse audience is difficult. We wanted the applications to be authentic—
but they also need to be accessible.

Data and Source Lines The data sets in the book were chosen for interest,
variety, and their ability to illustrate concepts. Most of the over 200 data sets
contain actual data with source lines. The remaining data sets contain simulated
data that, though not actual, are representative of real-life situations. All data sets
containing 20 or more entries are available in a variety of electronic forms,
including disk and Internet. In the exercise sets, the data sets that are available
electronically are indicated by the icon .

Accuracy Every effort was made to ensure the mathematical accuracy of the
examples and exercise solutions. The examples and exercises were solved by two
people independently. A third person compared the independent solutions and
resolved differences. If you encounter errors that we missed, please contact us so
that we can correct the problem in a subsequent printing.
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Balanced Approach The text strikes a balance between computation,
decision making, and conceptual understanding. We have provided many
Examples, Exercises, and Try It problems that go beyond mere computation. For
instance, look at Exercises 31 and 32 on page 45. Students are not just asked to
construct a relative frequency histogram for the given data, they are asked to go
a step further and use the histogram to make a decision.

Prerequisites Statistics contains many formulas and variables, including
radicals, summation notation, Greek letters, and subscripts. So, some familiarity
with algebra and evaluation of algebraic expressions is a prerequisite.
Nevertheless, we have made every effort to keep algebraic manipulations to a
minimum—often we display informal versions of formulas using words in place
of or in addition to variables. For instance, see the definitions of midpoint and
relative frequency on page 34.

Flexible Technology Although most formulas in the book are illustrated
with tabular “hand” calculations, we assume that most students who take this
course have access to some form of technology tool, such as MINITAB, Excel,
the T1-83, or SPSS. Because the use of technology varies widely, we have made
the text flexible. It can be used in courses with no more technology than a
scientific calculator—or it can be used in courses that require frequent use of
sophisti-cated technology tools. For those who want specific instructions on
particular technology tools, separate technology manuals are available to
augment the text. Whatever your use of technology, we are sure that you agree
with us that the goal of this course is not computation. Rather, it is to gain an
understanding of the basic concepts and uses of statistics.

Page Layout We believe that statistics is more accessible to students when it
is carefully formatted on each page with a consistent open layout. This text is the
first college-level statistics book to be written to design, which means that its
features (Examples, Try It problems, Definitions, or Guidelines) are not split
from one page to the next. Although this process requires extra planning and
work in the development stage, the result is a presentation that is clean and clear.

MAA, AMATYC, NCTM Standards This text answers the call for a student-
friendly text that emphasizes the uses of statistics and not just the computation
of its myriad of formulas. Our experience indicates that our job as instructors of
an introductory course in statistics is not to produce statisticians but to produce
informed consumers of statistical reports. For this reason, we have included many
exercises that require students to provide written explanations, find patterns, and
make decisions.



Features

Where Youwve Been

In Chapters 1 through 5. you studied descriptive statistics (how to collect and
describe data) and probability (how to find probabilities and analyze discrete
and continuous probability distributions). For instance, the Wheat Quality
Council uses descriptive statistics to analyze the data collected during its
annual crop tour.

1n a recent crop tour, 444 wheat fields were sampled. Of the 288 fields of
spring wheat, the mean yield was 32.5 bushels per acre with a standard
deviation of 10.9 bushels per acre. Of the 156 fields of durum wheat, the
mean yield was 26.8 bushels per acre with a standard deviation of 8.0 bushels
per acre.

The Wheat Quality Council has its headquarters
in Pierre, South Dakota. Its primary function is
to encourage the development and production
of new and better varieties of wheat.
The Council also assesses the yield and
‘quality of wheat crops. For Instance, in a recent
crop survey, the wheat averaged about
61 pounds per bushel with a

14% protein content.
268

Chapter Openers
Where You’re Going

The second page of the chapter opener has a feature
called Where You’re Going. It gives students an
overview of the chapter, exploring concepts in the
context of real-world settings.

Chapter Openers

Where You’ve Been ‘

Each chapter begins with a two-page photographic
description of a real-life problem. The first page has a
feature called Where You’ve Been. It shows students how
the chapter fits into the bigger picture of statistics, by
connecting it to topics learned in earlier chapters.

Confidence Intervals

Where Yow're Going

In this ch.p«r you will begin your study of inferential statistics—the

jor branch of statistics. For instance. from the mean of the sample-
ina re:enl crop survey. the Wheat Quality Council can estimate the mean
crop yield to be 32.5 bushels per acre for all spring wheat that year. Because
this estimate consists of a single number represented by a point on a number
i is called a point estimate. The problem with using a point estimate is
is rarely equal to the exact parameter (mean, standard deviation,
proportion) of the population.

In this chapter. you will learn how to make a more meaningful estimate by
specifying an interval of values on a number line, together with a statement of
how confident you are that your interval contains the population parameter.
Suppose the Wheat Council wanted 1o be %0% confident of its estimate for the
mean yield of all spring wheat. Here is an overview of how it could construct
an interval estimate.

Find the mean of Find the margin _Find the interval
-nnh--nh -; oferror.  wp Lefi:325 - 13 =312
E=13 nuc:uuj-m

So. the Wheat Quality Council can be 90% confident that the mean yield for
all spring wheat is between 31.2 and 33.8 bushels per acre.
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302 CHAPTER6  Confidence Intervals

Confidence Intervals for Variance and Standard Deviation

The Chi-Square Distribution * Confidence Intervals for o and o

The Chi-Square Distribution

In manufacturing. it is necessary 1o control the amount that a process varies. For
instance. an ile part must produce ds of parts to
be used in the manufacturing process. It is important that the parts vary little or
not at all. How can you measure. and consequently control, the amount of
variation in the parts? You can start with a point estimate.

standard
[DEFINITION ",
Y | The point estimate for o is 5” and the point estimate for o is 5.8 isthe |

| biased estimate for o
b Misasualeisie : . |
sdyTip |

e Greek lettet X 8 PO \ You can use a chi-square distribution (o construct a confidence interval for

the variance and standard deviation.

":'m'f: " ¥ tamiliar Greek :
i DEFINITION
i

| 1f the random variable x has a normal distribution. then the distribution of |
(n-1)s*
e
forms a chi-square distribution for samplcs of any size m > 1. Several

|

|

'\ P of the chi-sqy ion are as follows.
i

|

All chi-square values y? are greater than or cqual 10 zero.

The chi-square distribution is a family of curves. each determined
by the degrees of freedom. To form a confidence interval for o, use
the x*-distribution with degrees of freedom equal 1o one less than the
sample size.

1
2.

df.=n— 1  Degreesof Freedom
“The area under cach curve of the chi-square distribution equals one.
Chisquare distributions are positively skewed.

>

\

Section Organization

Each section is organized by learning objectives. These
objectives are presented in everyday language ina
margin feature called What You Should Learn. The same
objectives are then used as subsection titles throughout
the section.

Study Tips

Most sections contain one or more study tips placed on
yellow “sticky notes” in the margin. These tend to be
informal learning aids, which show how to read a table,
use technology, or interpret a result or a graph.

Titled Examples

Every concept in the text is clearly illustrated with one or
more step-by-step examples. Each of the more than 200
examples is numbered and titled for easy reference. In
presenting the examples, we used an open format with a
step-by-step display that students can use as a model
when solving the exercises.

Try Its

Each example in the text is followed by a similar problem
called Try It Yourself. The answers to these problems are
given in the back of the book, and the worked-out solu-
tions are given in the Student’s Solutions Manual.

296 CHAPTER6  Confidence Intervals

cxampie @— oo

Constructing a Confidence Interval for p

graph shown at the right is

z-mmm Usaduts | Which is safer?
Construct a 99% confidence i
interval for the proportion of g
adults who think that airplanes
are the safer mode of transpor-
tation.

riu upliun 3%

P—y=—ry

SOLUTION From the graph, p = 0.58. So,
G=1-058
= 0.42.

Using these values and the values n = 1001 and z, = 2.575, the maximum
error of estimate is

E=o B

(038)(042) U Table 4 of Appndix B to catimate
= 2575\ 001 hat 2, is halfway between 2.57 and 2.5

= 0.040.
The 99% confidence interval is as follows.

Left Endpoint Right Endpoint
p— E =058 - 0040 = 0.54 P+ E =058 + 0040 = 0.62

054 < p < 062

With 9% confidence, you can say that the proportion of adults who think that
airplanes are the safer mode of transportation is between 54% and 62%.

} -
Try It Yourself 3
Use the survey information in Example 3 to construct a 99% confidence
interval for the proportion of adults who think that cars are the safer mode of
transportation.
. Identify n and j.
b. Use p tofind g.
<. Verify that the sampling distribution of j is approximately normal.
4. Identify the critical value 2, that corresponds to the given level of confidence.
e. Find the left and right endpoints of the confidence interval.
13 Speci[ylhe”%mﬂdeminmllfvrlhepmpoﬂmdlduluvhomink
that cars are the safer mode of transportation.

Answer: Page A38
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SECTION 6.1 Confidence intervals for the Mean (Large Samples) s

Confidence Intervals for the Population Mean

Uun'lpomluhmlemdnmnmumanorofudmn&ywmmmm
interval estimate of a population parameter such as 4. This interval estimate is
called a confidence interval.

DEFINITION

A c-confidence interval for the population mean u is
X~E<u<X+E.

The probability that the confidence interval contains u is c.

GUIDELINES
Finding a Confi Interval for Mean (n = 30oro
mm-mmm)
In Words In Symbols
1. Find the sample statistics n and %. ;-E

2 Spmlyu if known. Otherwise, if n = 30,
find the sample standard deviation s and use
it as an estimate for 0.

3. Find the critical value z, that corresponds

(x — 3y
el

Use the Standard

10 the given level of confidence. Normal Table.

4. Find the maximum error of estimate E. E=2-"%
Vn

S. Find the left and right endpoints  Left endpoint: ¥ — £

and form the confidence interval.

Right endpoint: X + E
Interval: X —E<p<X+E

m 1.137) or 124 £ 13

xampit @
3 p See Minitab steps
i Constructing a Confidence Interval on page 308.
| Construct a 95% confidence interval for the mean number of sentences in all
| magazine advertisements.

| SOLUTION In Examples 1 and 2, you found that X = 12.4 and E = 1.3. The
| confidence interval is as follows.

1 137 Left Endpoint Right Endpoint
s » F-E=124-13=111 X+E=124+13 =137
RN R )
1 <p<137

So, with 95% confidence, you can say that the population mean number of
sentences is between 11.1 and 13.7.

Definitions

The critical statistics definitions are set off with gold screens.
Formal definitions are often followed by guidelines that
explain, in everyday English, how to apply the definition.

Guidelines

Throughout the book, the presentation of a statistical
formula is followed by a'set of step-by-step guidelines
for applying the formula. The guidelines are divided into
two columns titled In Words and In Symbols.

‘The flowchart describes when to use the normal distribution to construct a
confidence interval and when to use a r-distribution.

Picturing the World

Each section contains a real-life “mini case study” that
illustrates the important concept or concepts of the
section. Each Picturing the World concludes with a
question.

2

1

1

1

2

2
2|78889999
3

3

3

exaneie @

Two footballs, one filled Yes
SeeE [ Jomim| -
helium. were kicked on a VS
Ohio
o o l No If o is unknown, use s instead.
alternated with ecach kick.
After 10 practice kicks, each Is the population -
football was kicked 29 more normally, or approx- | You =Py
fongitond el ) imately normally, | =¥ | distibution or the  distribution.
are listed. (Sowrce: OSC distributed?
Scientists Get a Kick Out of
Sports  Controversy, “The ‘ Yes
Sohunion ol Nevn Y Use the normal distribution with
ber 21, 1993.) fes.
[T o
Air Filled E= z‘ﬁ‘
19 N
2|00222
2[933346 Use the r-distribution with
2|77788888999
31112 E=i,
3134 Key:1j9=19 Vn
s Tl and n ~ | degrees of freedom.
12
4

34666 Ch: g the Normal or t-

You randomly select 25 newly constructed houses. The sample mean construc-
00001122 tion cost is $181,000 and the population standard deviation is $28,000. Assuming
543 mm-nmlydhmmmm-mwl
ibution, or neither a95% interval

9 iorﬂupopulnmmmmm’l Explain your reasoning.

gt Because the ion is normally and the

aach faotball Apply the muhrddavi.l‘mniskmn.ynnthldmlhenonnﬂdtm‘ ibution.

You randomly select 18 adult male athletes and measure the resting heart rate
of each. The sample mean heart rate is 64 beats per minute with a sample
standard deviation of 2.5 beats per minute. Assuming the heart rates are
normally distributed, should yon use the normal distribution, the t-distribution,
or neither to construct a %% confidence interval for the mean heart rate?
Explain your reasoning.
a. Use the flowchart to determine which distribution you should use to
construct the 90% confidence interval for the mean heart rate.
Answer: Page A38
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Use the data given in Try It Yourself 1 10 construct a 95% confidence interval
1 for the mean number of sentences in all magazine advertisements. Compare
your result to the interval found in Example 3.

| a Find%and E.

| b. Find the left and right endpoints of the confidence interval.

| <. State the 95% confidence interval for the mean number of sentences in all
magazine advertisements and compare it to Example 3.

exampLe @
Constricting a Confidence Interval Using Technology

Use a computer or graphing calculator to construct a 99% confidence interval
for the mean number of sentences in all magazine advertisements, using the
sample in Example 1.

Answer: Page A37

SOLUTION To use a technology tool to solve the problem, enter the data and
find that the sample standard deviation is s = 5.0. Then, use the confidence
interval command to calculate the confidence interval (ZInterval for TI-83,
| 1-Sample Z for Minitab). The displays should look like the ones shown here.

i

Zinterval Z Confidence Intervals
(10.673, 14.178)
%=12.42582583 The essumed sigma = 5
Sx=5.015454801 | veisble N Mesn StDev  SE Meen 99.0%C
ne54 c1 54 12428 5015 0880 (10673, 14.178)
i

So,a 99% confidence interval for u is (10.7, 14.2). With 9% confidence, you
can say that the population mean number of sentences is between 10.7 and 142.

PA——

| Try It Yourself 4

| Use the sample data in Example 1 and a computer or graphing calculator to
construct 75% and 8S% confidence intervals for the mean number of sentences
in all magazine advertisements. How does the width of the confidence interval

| change as the level of confidence increases?

| a Enter the data.

| b. Use the iate command truct each interval.

| & Compare the widths of the confidence intervals for ¢ = 0.75, 0.85.and 0.99.

Answer: Page A37

Inwlmdmlivwmﬂl.memmﬁum\-ﬂdh
construct confidence intervals with different levels of confidence. Notice that as
Ihhnldmﬁdﬂmlmummd&miﬂmnﬂw
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confidence. the wider the interval.

Technology Examples

Many sections contain a worked example that shows how
technology can be used to calculate formulas, perform
tests, or display data. Screen displays from MINITAB,
Excel, and TI-83 are given. Additional screen displays are
given at the ends of selected chapters, and detailed
instructions are given in separate technology manuals
available with the book.

Insights

Most sections also contain one or more insights placed
on blue “sticky notes” in the margin. The purpose of each
insight is to help drive home an important interpretation
or help connect different concepts.

Chapter Technology Project

Each chapter has a full-page technology projects using
tools from MINITAB, Excel,and TI-83, that gives
students additional insight into the way technology

is used to handle large data sets or complex, real-life
questions.

Technology 301
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THE GALLUP ORGANIZATION

Most Mmired Polls “The results are based on telephone interviews

with a randomly selected national sample of
From 1948 10 2000 the Gallup Organization has 1011 adults, 18 and over. conducted December
conducted a “most admired" poll. The methodology 15-17, 2000. For results based on samples of

for the 2000 poll is described at the right. this size, one can say with 95 percent confi-
dence that the error anributable to sampling

Survey Question and other random effects could be plus or
What man* that you have heard or read minus 3 percentage points. In addition to
about, living today in any part of the world, sampling error, question wording and practical
do you admire most? And who is your difficulties in conducting surveys can intro-
second choice? duce error or bias into the findings of public
opinion polls.”

*Survey respondents are asked an identical
question about most admired woman.

Exercises

1. In 2000, 61 people named Pope John Paul 11 (a) What was the least value you obtained for
as their most admired man. Use a technology P?
100l to find a 95% confidence interval for the (b) What was the greatest value you obtained
proportion that would have chosen the pope. for p?

2. Does the confidence interval you obtained in
Exercise 1 agree with the stalement issued by
the Gallup Organization that the proportion
is 6% plus or minus 3%? Explain.

Generate 200 rows of data

3. The most named woman was Hillary Clinton. Store in column(s):  C1
The sccond named woman was Oprah
Winfrey, who was named by 4% of the people
in the sample. Use a technology 100l to find a
95% interval for the p of

Number of trials: 1011
Probability of success: 07

the population that would have chosen Oprah
Winfrey.

Use a technology tool to simulate a most
admired poll. Assume that the actual popula-
tion proportion who most admire Oprah
Winfrey is 7%. Run the simulation several
times using 7 = 1011.

Extended solutions arc given in the Technology Supplement.
Technical instruction is provided for Minitab, Excel, and the T1-83

The 2000 results were a rarity because in the
poll's 52-year history, it was unusual that no
one (other than the first lady) received more
than 6% of the vote. Is it possible, however,
that the actual proportion of the population
that most admired Oprah Winfrcy was 7% or
greater? Explain your reasoning.
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In Exercises 1-6, find the eritical values X2 and X" for the given confidence ¢ and
sample size .

Lc=09.n=10 2c=09.n=13
3c=095,n=22 4c=098 n=2
5. c=099. n=30 6. ¢=080.n=29
C Confide Is In Exercises 7-16, assume each

sample is taken from a normally distributed population and construct the indicated
confidence intervals for

(a) the variance o,

(b) the population standard deviation o
7. Vitamins @ To analyze the variation of vitamin supplement tablets, you
randomly select and weigh 14 tablets. The results (in milligrams) are shown.
Use a 90% level of confidence.
500000 499.995 S00.010 499.997 S00.015 499.988 500.000
499.996 500020 S00.002 499.998 499.996 S500.003 500.000
8. Cough Syrup ® You randomly select and measure the contents of 15
bottles of cough syrup. The results (in fluid ounces) are shown. Use a 90%
level of confidence.
4211 4246 4269 4241 4260 4293 4189 4248
4220 4239 4253 4209 4300 4256 4.290
9. Car Batteries & The number of hours of reserve capacity of 18 randomly
selected automotive batterics is shown. Use a 9% level of confidence.
(Adapied from Consumer Reports)
170 160 194 158 174 160 186 172 138
146 164 149 155 170 175 088 177 207

/

s

k

Frequency

s " 3
@9 11 13 13 17 19 21 115120 125 130 195 150
Rescrve capacity Bok lengths
Figure for Exercise 9 Figure for Exercise 10

10. Bolts & You randomly select and measure 17 bolts. The results (in inches)
are shown. Use a 95% level of confidence.

1286 1138 1240 1.132 1381 1137 1300 1.167 1240
1401 1241 1171 1217 1360 1302 1331 1383

Section Exercise Sets

Each section concludes with a set of exercises carefully
written to nurture student understanding and proficiency.
They move from basic concepts and skill development to
more challenging and interpretive problems.

Labeled Exercises

Most exercises are labeled for easy reference. For instance
exercises labeled Graphical Analysis ask students to use
the graphs provided to answer the questions.

'y

Paired Format

Almost all exercises are given in “paired format” so that
the odd-numbered exercise, whose answer is given in

the back of the book, is paired with an even-numbered
exercise, whose answer is not given. This paired format is
commonly used in mathematics texts, but is less common
in statistics texts.
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11. Lawn Mower & A lawn mower manufacturer is trying (o determine the
standard deviation of the life of one of its lawn mower models. To do this, it
randomly selects 12 lawn mowers that were sold several years ago and finds
that the sample standard deviation is 3.25 years. Use a 9% level of confi-
dence. (Adapted from Consumer Reports)

12. CD Players & A magazine includes a report on the prices of compact disc
players The article states that 26 randomly sclected CD players had a
standard deviation of $150. Use a 95% level of confidence. (Adapied from
Consumer Reports)

13. Horels @ As part of your vacation planning, you randomly contact 10
hotels in your destination area and record the room rate of each. The results
are shown in the stem-and-leaf plot. Usc ¢ = 0.90. (Adapred from Smith
Travel Research)

6|0 3 Key: 83 = 83

Extending the Basics

Each exercise set ends with a group of exercises called
Extending the Basics. These exercises go beyond the
material presented in the section (they tend to be more
challenging and are not required as prerequisites of
subsequent sections).

Answers and Solutions

The answers to all odd-numbered exercises are given in
the back of the book, and the worked-out solutions are
available in the Student’s Solutions Manual.

; L=
9 ; / \
e

S
NwNOW
® o

5

Water Quality ® As part of a water quality survey, you test the water
hardness in several randomly sclected streams. The results are shown above.
Use ¢ = 0.95.

Monthly Income ® The monthly incomes of 20 randomly selected
individuals who have recently graduated with a bachelor's degree in social
science have a sample standard deviation of $107. Use a 95% level of
confidence. ‘Adapted from U.S Burcau of the Census)

16. Sodium Chloride Cq # The sodium chiorid ions of
13 randomly selected seawater samples have a standard deviation of 6.7
celcubic meter. Use a 98% level of confidence. (Adapied from Dorling
Kindersley Visual Encyclopedia)

B

Extending the Basics

17. Vitamin Tablet Weights & You are analyzing the sample of vitamin
supplement tablets in Exercise 7. The population standard deviation of the
tablet’s weights should be less than 0.015 milligram. Does the confidence
interval you constructed for o suggest that the variation in the tablet’s
weights is at an acceptable level? Explain your reasoning.

18. Cough Syrup Bottle Conients @ You are analyzing the sample of cough
syrup bottles in Exercise 8 The population standard deviation of the
bottle’s contents should be less than 0.025 fluid ounce. Does the confidence
interval you constructed for o suggest that the variation in the bottle’s
conlents is at an acceptable level? Explain your reasoning.




xxii

FEATURES

Case Study
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“The National Marine Fisheries Services is part of the
National Oceanic and Atmospheric Administration. NMFS’s
support the and of

Case Study 283

556667777888888899999

living marine resources.

There are six species of sea turtles in the United States
and all are protected as endangered or threatened species.
Rarely does a hatchling sea turtle live to maturity. In fact. it
is believed that only 1 in 10.000 hatchlings lives long enough
1o reproduce.

In a study by Hays and Marsh reported in the Canadian
Journal of Zoology (75: 40-46, 1997), 71 loggerhead sea
trtles were captured and off the coast of Britain.
“The shell lengths of the turtles are shown in the stem-and-leaf

Part of the purpose of the study was to estimate the
growth rate of juvenile turtles. The turtles were hatched off
the coast of Florida and their drifting time in the Atlantic
Ocean was estimated (0 be between 1.8 and 3.75 years. From
this and the fact that a typical hatchling has a shell length of
4.5 centimeters, Hays and Marsh estimated that juvenile
loggerhead sea turtles grow at a rate of between 4.3 and 8.9
centimeters per year.

Exercises

1. A loggerhead sea turtle is classified as a juvenile it 5.
its shell length is less than 40 centimeters. How
many of the turtles in the sample were juveniles?

2. Use the sample to make a point estimate of the 6.
mean shell length of all juvenile

000 111222222344
555667

00034
8 Key: 1|5 = 15cm
0

59

14

0114
++—Shell length —
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°
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How would your results have differed if you had
used all the turtles in the sample instead of just the
juvenile turtles? Explain your reasoning.
Complete the following table.

Chapter Case Study

Each chapter has a full-page case study featuring actual
data from a real-world context and a series of thought-
provoking questions that are designed to illustrate the
important concepts of the chapter.

sea
turtles that drift from their haiching site to the
coast of Britain.

Find the standard deviation of the sample of
juveniles.

Use the sample to make an interval estimate of
the mean shell length of juvenile loggerhead sea
turtles that drift from their hatching site to the
coast of Britain.

(a) Use a 90% confidence level.

(b) Use a 95% confidence level.

(c) Use a 99% confidence level.

w

>

Juvenile |Lengthat | Length at | Shell
Turtles | Hatching | Capture | Growth
Minimum | 4.5 cm 15 cm ?? cm
Maximum | 45cm | 40cm | Mcm

Use the table to estimate the rate of growth for
juvenile loggerhead sea turtles under the following
assumptions.

(a) Drift time = 1.8 years, minimum shell growth

(b) Drift time = 3.75 years. maximum shell growth

Chapter Summary

Each chapter concludes with a Chapter Summary
that answers the questions What did you learn?
This can be used as a study aid in conjunction with
the Chapter Review exercises.

310 CHAPTER 6 Confidence Intervals
‘(v What did,yow learnt Review Exercises
| Section 6.1
o How to find a point estimate and a maximum error of estimate 1,2
o How to construct and interpret confidence intervals for the population mean 3,4
o How to determine the required minimum sample size when estimating u 56
Section 6.2
o How to interpret the r-distribution and use a r-distribution table 7.8
| o How to construct confidence intervals when n < 30 and o is unknown 9-14
.\ Section 6.3
o How to find a point estimate for the population proportion 15-20
« How a interval for a i i 21-26
§ & How to determine the required minimum sample size when estimating a 27,28
¢ population proportion
| Section 6.4
| o How to interpret the chi-square distribution and use a chi-square distribution 20-32
table
o How to use the chi-square distribution to construct a confidence interval for 33,34
the variance and standard deviation

i
H
i
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STATISTICS

Uses and Abuses

"\ By now, you know that complete information about population parame-
ters is often not available. The techniques of this chapter can be used

Uses to make interval estimates of these parameters so that you can make
N informed decisions.
\/ / From what you learned in this chapter. you know that point esti-

mates of population parameters are rarely exact. Remembering this can
help you make good decisions in your career and in everyday life. For
instance. suppose the results of a survey tell you that 52% of the population
plans 10 vote for a certain item on a ballot. You know that this is only a point
estimate of the actual proportion that will vote for the item. If the interval
estimate is 0.49 < p < 0.55. then you know this means it is possible that the
item will not receive a majority vote.

/\ Unrepresentative Samples There are
. many ways that surveys can result in
Abuses\ incorrect predictions. When you
read the results of a survey, remem-
ber 10 question the sample size. the
sampling technique. and the questions
asked. For example. suppose you want to
know how a group of people will vote in an
election. From the diagram at the right. you
can see that even if your sample is large
enough, it may not consist of actual voters.
Biased Survey Questions In surveys, it is also important 1o analyze the
wording of the questions. For example. a question about rezoning might be
presented as: “Knowing that rezoning will result in more businesses contributing
10 school taxes. would you support the rezoning 2™

Exercises

1. Unrepresentative Samples Find an example of a survey that is reported in
a newspaper or magazine. Describe different ways that the sample could
have been unrepresentative of the population.

2. Biased Survey Questions Find an example of a survey that is reported in a

newspaper or magazine. Describe different ways that the survey questions
could have been biased.

Statistics: Uses and Abuses

Each chapter features an expanded discussion on how
statistical techniques should be used, while cautioning
students about common abuses. New exercises help
students to apply their knowledge.

Real Statistics-Real Decisions

This new feature encourages students to think critically
and make informed decisions about real-world data.
Exercises guide students from interpretation to drawing
conclusions.

Real Statistics-Real Decisions 315

Real Statisics >* Real Decisions

As part of the US. Environmental Protection Agency’s (EPA)
efforts 10 “protect human health and safeguard the natural
environment,” the EPA conducts the Urban Air Toxics Monitoring
Program (UATMP). The program has gathered thousands of air
samples and analyzed them for concentrations of over 50 different
organic compounds. such as acetylene (used for cutting and welding
metals. and in the production of neoprene rubber. plastics, and
resins). The results from UATMP are used to gain insight into the
effects of air pollution and if efforts to clean up the air are working. Acetylene

For instance. using air samples from a major city. the EPA can
analyze the results and estimate the mean concentration of
acetylene in the air using a 95% confidence interval. They can then
compare the interval 1o previous years’ results 10 see if there are
any trends and if there has been a significant change in the amount
of acetylene in the air.

You work for the EPA and are asked 1o interpret the results
shown in the gnph at lhe right. The graph shows the point estimate

SEPA

www.epa.gov

Mean concentration
in pans per billon by volume)

for the and the 95% "

interval for u for .myku over a three-year period. The data is Vel Yew:  yeu
based on air samples taken at one major city. Year
Exercises

1. Interpreting the Results

Consider the graph of the mean concentration levels of

acetylene. For the following years. decide if there has been a

change in the mean concentration level of acetylene. Explain

your reasoning.

(a) From Year 1 to Year 2

(b) From Year 2 to Year 3

(c) From Year 1-to Year 3

What Can You Conclude?

Using the results of Exercise 1, what can you conclude about the

efforts Lo reduce the concentration of acetylene in the air?

How Do You Think They Did It?

How do you think the EPA constructed the 95% confidence

interval for the lation mean concentration of the organic

compounds in the air? Do the following to answer the question

(you do not need to make any calculations).

(a) What sampling distribution do you think they used? Why?

(b) Do you think they used the population standard deviation in
calculating the maximum error of estimate? Why or why
not? If not. what could they have used?

N
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